This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 



pefectjye images within this document are accuiiate representations of 
the original documents subimtted by the applicant. 

Defects in the Mages may include (bia are not limited to>^ 



BLACK BORDHIS 

TEXT CUT OFF AT TOP, BOTTOM: OR SIDES 
FADED TEXT . 
ILLEGIBLE TEXT 
SKEWED/SLANTED IMAGES 
COLORED PHOTOS 

BLACK OR VERY BLACK AND WHITE DARK PHOTOS 
GBEUY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 

As rescaniimg documents IV/// /ii;/ correct images, 
please do not report the images to the 
Image Problem Mailbox. 



PTO 02-4682 Japanese Kokai Patent Application 

No. Sho 52[1977]-89070 



SEMICONDUCTOR DEVICE 
Hiromoto Serizawa and Shoichi Fukai 



UNITED STATES PATENT AND TRADEMARK OFFICE 
WASHINGTON, D.C. SEPTEMBER 2002 

TRANSLATED BY THE RALPH MCELROY TRANSLATION COMPANY 



•l 



1 



Int. CI. 



JAPANESE PATENT OFFICE 
PATENT JOURNAL (A) 
KOKAI PATENT APPLICATION NO. SHO 52[1977]-89070 

H 01 L 21/20 

G02B 5/14 

H 01 L 31/00 

HOIL 33/00 



Sequence Nos. for Office Use: 



Filing No.: 
Filing Date: 
Publication Date: 
No. of Inventions: 
Examination Request: 



6684-57 
7377-57 
6513-57 
7448-23 

Sho51[1976]-5611 
January 20, 1976 
July 26, 1977 
1 (Total of 4 pages) 
Not filed 



SEMICONDUCTOR DEVICE 



[Handotai sochi] 



Inventors: 



Applicant: 



Hiromoto Serizawa and 
Shoichi Fukai 

Matsushita Electric Industrial Co., 
Ltd. 



[There are no amendments to this patent.] 



Claims 

1 . A type of semiconductor device characterized by the fact that it has a 
hetero-junction of Si, Ge, or group II-VI, group III-V, or other cubic crystal compound 
semiconductor and tetragonal crystal-structure or cubic crystal-structure ABO3 perovskite type 
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oxide (where A is an element selected from K, Ba, Sr and Pb, and B is an element selected from 
the group of Ti, Ta, Zr, Fe, Sn and Ce). 

2. The semiconductor device described in Claim 1 characterized by the fact that said 
hetero-j unction is formed from the (100) plane of said Si, Ge, or cubic crystal compound 
semiconductor and the (001) plane of said tetragonal crystal-structure perovskite type oxide. 

3. The semiconductor device described in Claim 1 characterized by the fact that said 
hetero-j unction is formed from the (100) plane of said Si, Ge or cubic crystal compound 
semiconductor and the (100) plane of said cubic crystal-structure perovskite type oxide. 

Detailed explanation of the invention 

This invention pertains to a type of semiconductor device. More specifically, this 
invention is for obtaining a type of semiconductor base material for application in 
photo-semiconductors and other semiconductor devices. 

That is, the purpose of this invention is provide a type semiconductor substrate for 
application in various semiconductor devices characterized by the fact that it has a 
hetero-j unction of Si, Ge, or GaAs, GaP, or other group III-V compound semiconductor, or 
ZnSe, ZnTe, or other group II- VI compound semiconductor and BaTiOa, SrTiOa, or another 
tetragonal crystal-structure or cubic crystal-structure oxide of Ti, Ta, Zr, Fe, Sn or Ce generally 
represented as perovskite type ABO3. 

i When epitaxial growth of hetero substances is used to form a double hetero-structure of 
GaxAli.xAs for the GaAs semiconductor laser, the characteristics are improved significantly. 
Consequently, this phenomenon has attracted significant attention. In the prior art, research has 
been undertaken on junctions for many types of semiconductors, such as GaAs-Ge, ZnSe-ZnTe, 
ZnSe-GaAs, etc. However, for the conventional junction, even when it is referred to as a 
hetero-junction, it is still an epitaxial structure between semiconductors. Little study has been 
made on the epitaxial junctions between semiconductor and dielectric, insulator, metal, etc. On 
the other hand, many studies have been made on sapphire AI2O3 and spinel (MgO * AI2O3) for 
use as insulating substrates in vapor phase growth of Si. On such substrates, epitaxial growth of 
Si is performed. In addition, GaAs or other crystal has been epitaxially grown on AI2O5, 
MgAl204, BeO, etc. 

As far as growth of oxide insulators on semiconductor is concerned, examples include 
Si02, Ga02, AI2O3, etc. on Si and GaAs. They are formed as protective films or insulating 
separating films. However, there is no epitaxial growth. As far as a junction between insulators is 
concerned, there have been reports on epitaxial growth of Bi4Ti50i2 on MgO or MgAl204. 
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The present invention provides a type of substrate for a semiconductor device with 
epitaxial hetero-junction of BaTiOs or other perovskite type crystal and a semiconductor. This 
type of substrate for a semiconductor device has not been seen in the prior art. 

Studies have been made on using BaTiOa or other perovskite type ABO3 crystal as a 
ferroelectric material. In particular, as it is a substance with a high melting point, it has been used 
as a ceramic in many practical applications. The following table lists the crystalline properties of 
the ABO3 type crystal. 



(D @ @ @ g) 



« « « 










B«TlOs 




L iei e 






SrTlOs 




--2000 


1.1 X i<J^ 


81* GaF 


PbTlOft 


*«M04 

0*4.1 ea 






St, Q%P 


StZtOs 


• •44>»9 


2e4o 


e.T«xior* 






• -4^« 








BttZsOi 


«-4.l»a 


2«8« 




ImP.ZsT*. 

cas 




• -4M 2 








CTaOt 




1 







Key: 1 Name of substance 

2 Lattice constant 

3 Melting point 

4 Thermal expansion coefficient 

5 Epitaxial examples 



This table lists the lattice constants, melting points and thermal expansion coefficients of 
the ABO3 type crystals, such as BaTiOa, SrTiOs, PbTiOa, SrZrOa, BaZrOs and KTaOa, as well as 
examples of the epitaxial semiconductor layers epitaxially grown on said crystals. 

However, when epitaxial growth of the semiconductor layer listed in the above table is 
performed on said ABO3 type crystal, when the (001) plane of the tetragonal crystal of ABO3 
type and the (100) plane of the cubic crystal are used, good epitaxial growth takes place in the 
<100> direction of the ABO3 type crystal and the <100> direction of the semiconductor layer. 
That is, as shown in Figure 1, epitaxial growth takes place in the <100> direction of the ABO3 
crystal and in the <100> direction of the semiconductor layer. Also, for the ABO3 type cubic 
crystal, good epitaxial growth takes place for the (100) plane of said crystal and the (100) plane 
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of the semiconductor layer. In the following, we will examine the case of a junction between Si 
and sapphire as a typical example of the epitaxial growth of a semiconductor layer on an 
insulating substrate. 

Usually, in growth of Si (100), which is often used in LSI, etc., on a sapphire, while Si 
has a diamond structure (cubic crystal), the sapphire has a rhomboherald [transliteration] crystal 
form. Consequently, the (100) plane of Si is epitaxially grown on the (10 1 2) plane of the 
sapphire. In this case, deviations in the lattice constants of the Si(lOO) plane and the sapphire 
(10 1 2) plane are 14.3% and 5.7% for the two sides, respectively. Also, the thermal expansion 
coefficient of sapphire is about twice that of Si. At a temperature of about lOOO^C as required for 
growth of Si, the deviation in the lattice is small, yet, as the system is cooled down, significant 
strain is developed. 

On the other hand, as far as the junction between ABO3 crystal and Si or GaP or other 
semiconductor is concerned, the deviation in the lattice constant on the growth plane determined 
on the base of the data listed in the above table is much smaller than that in the case of Si and 
sapphire at room temperature. Also, as far as thermal expansion coefficient is concerned, while 
said group II-VI and group III-V semiconductors usually have thermal expansion coefficients 
much larger than that of Si, the thermal expansion coefficient of ABO3 crystal is similar to or 
smaller than that of sapphire. Consequently, the thermal strain developed due to cooling is much 
smaller than that developed at the interface between sapphire and Si. 

In addition, when said oxides are used as substrate, because the melting point is high, it 
allows growth with substrate in a high-temperature state. In this way, one can obtain an epitaxial 
hetero-j unction for said ABO3 crystal and semiconductor layer much better than that for Si and 
sapphire. 

In the following, we will examine application examples of epitaxial growth in this 
invention. 

(1) Growth of Si on SrTiOs 

(100) plane of SrTiOs single crystal is cut out and polished to mirror surface quality. 
Then, the surface processing layer is etched off to form a substrate for epitaxial growth. On this 
substrate, growth is performed using a Si epitaxial device by means of decomposition of SiH4as 
is commonly used. The temperature of the substrate is in the range of 950-1100''C. H2 gas 
containing 4% SiH4 is fed to flow corresponding to a substantial concentration [flow rate] of 
SiH4 of 30 cc/min, with H2 gas used as a carrier gas with a flow rate of 30 L/min. The growth 
rate of Si is about 0.2-0.3 ^m/min to a thickness of several jim to tens of [xm. For the grown Si, 
the epitaxial structure is checked by X-ray diffraction and electron beam diffraction. (100) plane 
of Si is grown on (100) plane of SrTiOa. 
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Also, similar epitaxial growth of Si can be made on other substrates, such as BaTiOs, 
PbTiOs, SrZrOs, SrFeOa, etc. 

(2) Vapor phase growth of GaAs on SrZr03 

Just as in the case of vapor phase growth of Si, (100) plane of SrZrOs is cut out and is 
polished to mirror surface quality. Then, the surface processing layer is etched off to form a 
substrate for epitaxial growth. Then, the device shown in Figure 2 is used for growth. Figure 2 is 
a schematic diagram illustrating the growth device. In Figure 2, (1) represents a heating furnace; 
(2) represents a furnace core tube; (3) represents a graphite table; (4) represents a SrTiOa single 
crystal substrate; (5) represents an ASH3 source; (6) represents a (CH3)3Ga source; and (7), (8), 
(9) represent H2 sources. In the growth, the reaction between (CH3)3Ga and ASH3 is adopted. The 
(CH3)3Ga source is kept at O'^C, and at a concentration of 10% for ASH3 in H2 gas flow, the gas 
mixture is fed in. H2 flows through a Pd diffusion plate, and is used as a carrier gas. The flow 
rate of H2 gas is 3 L/min, and the flow rate of ASH3 is 450 mL/min (10% in hydrogen), and the 
hydrogen gas is fed at 30 mL/min through (CH3)3Ga. The temperature of the substrate is about 
800°C, and a growth layer with thickness in the range of several thousand A to about 100 |im is 
obtained. The growth layer is checked by means of X-ray and electron beam diffraction, and it is 
found to be a single crystal thin film. Also, growth is performed for GaAs (100) on the (001) 
plane of SrZr03. In addition, epitaxial growth has been confirmed for BaTiOs and PbTiOs. 

(3) Vapor deposition of ZnSe on SrTi03 

Vapor deposition is performed on the (001) plane of SrTi03 as a substrate and using ZnSe 
single crystal as the evaporation source. The temperature of the substrate is changed in the range 
of 200-600°C, and the temperature of the evaporation source is in the range of 800-1 000°C. 
When the substrate temperature is in the range of 400-500*^C, results of the electron beam 
diffraction indicate certain twin and super-lattice spots. However, the obtained epitaxial film has 
a relatively good quality. 

According to the present invention, on an ABO3 perovskite type insulating substrate, Si, 
Ge or other semiconductor crystal is grown, so that it is possible to obtain a high-quality 
substrate for forming semiconductor integrated circuits. Also, by means of growth of group II- VT 
and group III-V crystals, it is possible to obtain substrates useful for manufacturing 
photo-integrated circuits. 

As explained above, this invention can form hetero-j unction of ABO3 perovskite type 
oxide (with A representing K, Ba, Sr, Pb, and B representing Ta, Ti, Zr, Fe, Sn, Ce) in tetragonal 
crystal or cubic crystal structure and cubic crystal semiconductor layer. It is possible to obtain 
thin film single crystal with few defects and with good crystallinity. The obtained semiconductor 
substrates can be used in manufacturing various types of semiconductor devices. 



6 



Brief description of the Figures 

Figure 1 is a diagram illustrating the orientation configuration of the epitaxial junction 
between ABO3 type crystal and semiconductor layer. Figure 2 is a schematic diagram illustrating 
an GaAs epitaxial growth device in an application example of this invention. 

1 Heating furnace 

4 Substrate crystal 

5 AsHa source 

6 (CH3)3Ga source 

7, 8, 9 H2 gas source 




Figure 1 

Key: 1 Semiconductor layer 
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